Management of the cardiac patient includes pre-operative, anesthetic, operative, and postoperative procedures which interfere minimally with physiological function. All phases of surgical care are affected by the drugs and anesthetics used, but of paramount importance to the anethesiologist is the actual anesthetic procedure. A technic should be selected that will provide optimal working conditions, yet will not jeopardize the patient's life and will enable him to recover postoperatively. In order to achieve these all-inclusive aims there are three major requirements:
1. Evaluation of physical status, cardiac condition, and cardiac capacity. 2. Knowledge of the effect of various anesthetic agents and technics on the heart and circulation. 3. An anesthesiologist. For evaluation of the physical status and determination of the degree of functional cardiac disturbance the internist, but more particularly the cardiologist, must be consulted. With him rests the final cardiac diagnosis, determination of the extent of cardiac damage, and the estimation of the cardiac reserve. This last factor must be made known to the anesthesiologist. It is the key to successful anesthesia and surgery, and generally any added risk is proportional to the degree of decrease in cardiac reserve. 6 Oftentimes valuable information may be obtained by simple procedures such as questioning the patient as to what work he can perform without developing symptoms; the commonly used "step test" is also useful while the breath-holding test, which is simple and quick, has been recommended by Rovenstine.30 In this test the patient is asked to hold his breath and the duration of breathholding will give a rough index of cardiac reserve. The rapid occurrence of dyspnea under any circumstance of mild stress indicates rather serious impairment. This symptom must always be kept in mind because although it is a subjective symptom manifested by the conscious patient, * From Doctors Hospital, New York, N. Y. nevertheless, the causative factors still exist with the patient asleep. Therefore it behooves one to remember what factors make the conscious patient comfortable and to defer to these when ministering to him in the operating room.
Some facts related to various cardiac conditions will be briefly reviewed. 34 Generally, functional capacity is adequate and anesthesia and operation are well tolerated in patients with ( 1 ) traumatic cardiac conditions, (2) congenital lesions without decompensation, (3) compensated rheumatic valvular lesions-either mitral stenosis or aortic insufficiency, and (4) compensated hypertension. On the other hand capacity is frequently inadequate and risk increased in (1) coronary sclerosis and angina pectoris, (2) syphilitic aortitis, (3) coronary stenosis and (4) decompensation; patients with these disabilities are prone to sudden death.
Conditions with adequate capacity In traumatic cardiac conditions, such as foreign bodies in the heart, lacerations, and cardiac tamponade from hemorrhage, the patient is usually healthy and generally of good physical status. Whatever cardiac impairment is present is due to the condition for which surgery is contemplated. These cases are handled anesthetically as are thoracic surgical cases. The chief problem encountered is that of arrhythmia due to increased irritability from manipulation and torsion of the heart itself. Asystole can be treated by the surgeon with massage; irritability can be diminished by allowing 5 per cent procaine or metycaine to drip continuously on the epicardial surface.3 However, myocardial irritability is most efficiently diminished by the intravenous injection of 1 per cent procaine in 5 to 15 cc. amounts. Treatment of serious arrhythmias by this means has been reported by Burstein7 in 14 cases occurring during cardiac operations on 121 wounded soldiers. The general management of cases with traumatic heart conditions has also been reviewed by Burstein and Patients with a history of coronary occlusion or infarction of at least four months withstand good anesthesia and surgery quite well, since by this time the healing process is complete.6 An undesirable and also the most frequent complication in these patients undergoing surgery is that of arrhythmia since it leads to ventricular fibrillation, cardiac arrest, or cardiac failure. Since these patients are also usually aware of their "bad heart," the anesthetist must employ reassurance and individualized premedication.
General anesthesia is preferred and intravenous sodium pentothal anesthesia is excellent when combined with nitrous oxide 50 per cent and oxygen 50 per cent, provided relaxation is not needed. When; primary inhalation anesthesia is used one should generally avoid cyclopropane but in expert hands induction with cyclopropane mixed with small amounts of ether followed by maintenance with ether has many advantages. The use of ether even in very small amounts will prevent arrhythmias occurring due to the cyclopropane. 23 A useful technic is that of "balanced anesthesia" in which general. anesthesia is obtained with one of the inhalation agents or intravenous pentothal and intercostal nerve block or field block used for relaxation.4
Another combined technic found useful for these patients undergoing major surgery requiring abdominal relaxation is the use of general anesthesia by intravenous pentothal with supplementary nitrous oxide and oxygen plus intravenous curare. The curare may exert a salutary effect on the coronary vessels because it blocks acetylcholine action not only at myoneural junctions but also at autonomic ganglia"2 and this blocking effect may extend to postganglionic cholinergic nerve ends. It should be mentioned that curare has been found to be well tolerated and very useful in poor risk patients in shock from trauma or hemorrhage.10 Finally, the administration of aminophylline pre-operatively (dose 0.48 gm.) has been of value in patients with coronary artery disease because of its ability to promote coronary relaxation.' Papaverine has a similar vasodilating effect and is probably preferable to aminophylline. The dose employed is from 30 to 100 mg. either intravenously or intramuscularly about 30 minutes pre-operatively."3 14 Syphilitic aortitis: Patients with this condition have a poor prognosis even under ordinary circumstances and this is enhanced if there is evidence of a dilated aorta. Any factor inducing excitement, the liberation of adrenaline, or hypoxia promotes ventricular fibrillation and diminishes myocardial effectiveness which is already under strain in these patients, and therefore must be avoided.
Cardiac decompensation: This is the fourth and the most commonly encountered serious cardiac condition in patients undergoing anesthesia and surgery.
For elective operations the problem is fairly simple. Digitalization should be carried out by the cardiology service; once the patient is compensated it is desirable to maintain him on a cardiac regimen for about three weeks; the patient should be ambulatory and allowed some activity. This is preferable to strict bed rest. The anesthetic and operative plan should then be made. Guides to successful management are minimal emotional turmoil, minimal hemorrhage and trauma, and plenty of oxygen.
For emergency surgery on a patient in congestive failure, the following routine has been found very favorable:
1 Avoidance of hypoxia: The avoidance of hypoxia is of such importance that it deserves separate but brief consideration. The heart muscle has no oxygen reserve; it is as vulnerable as is the brain to diminished oxygen supply. It is good therapy, therefore, to begin oxygen administration in the seriously ill cardiac patient as soon as he arrives in the hospital; and it is hardly necessary to remind the good anesthetist that abundant oxygen and adequate oxygen tension be provided during anesthesia. This allows of no modification and the anesthetist who employs concentrations of oxygen of less than 20 per cent, as is often done with nitrous oxide either by itself or for induction to be followed by ether, is jeopardizing the patient's life. 2 Choice of anesthesia: One should fit the anesthetic agent and the technic to the patient and to the needs of surgery, so that optimal working conditions are provided. At one time or other all known agents and technics have been condemned for the cardiac patient. Actually no generalization should be made regarding an agent as being either good or bad. Each agent and each technic has its place and usefulness in the anesthesiologist's armamentarium. The following discussion will cover only the more common agents and consideration will be given chiefly to some of the less well-known effects of these agents.
Cyclopropane has many excellent anesthetic properties and can be used judiciously by the anesthesiologist in the cardiac patient. It has certain definite defects and undesirable pharmacological effects which must be kept in mind. It is parasympathetic in its actions and tends to stimulate the vagus: bradycardia and bronchoconstriction occur. Myocardial irritability is increased and rhythms of ventricular origin are prone to occur, particularly extrasystoles, multiple focus ventricular tachycardia, and fibrillation.22 Such arrhythmias can be precipitated by adrenaline which must not be given to a patient under the influence of cyclopropane.
Postoperatively, the entity of so called "cyclo shock"24' 38 is seen frequently. It is not shock and patients rarely die. Its chief characteristic is hypotension; the patient is pale but the skin is warm or only slightly cool (never cold) and is dry. There is no apprehension; the pulse is relatively rapid but full; the systolic pressure ranges between 80 and 100 mm. Hg with a diastolic pressure between 20 Compensated respiration is valuable. This technic consists in the aiding of respiration by graded manual pressure on the rebreathing bag of 3 to 6 cm. of water (never more than 10 cm.) during inspiration and complete release on expiration.9 Respiratory effort by the patient is thereby diminished.
Positions interfering either with respiration or circulation are to be condemned. The head-down Position is deleterious to the circulation in most cardiac patients. The causes ot clyspnea do not alsappear auring anesthesia-only the patient's complaint disappears. Yet orthopneic patients are often seen in steep head-down position or in the Trendelenburg position indicating both lack of common sense and physiological comprehension of the situation on the part of the operator.
Another situation seen at the operating table which the anesthetist must guard against is that of the "tired assistant" who rests on the patient's chest or accumulates instruments on the chest. This is intolerable.
Blood pressure fluctuations and procedures conducive to them must be avoided. Changes in diastolic pressure must be combated since, as previously noted, the coronary arteries fill during diastole. Generally, the use of vasopressor drugs should be minimized, but are definitely indicated for stabilization of blood pressure, in which case, neosynephrine is the agent of choice.25
Fluid therapy is a controversial issue, but the safest rule is to replace whatever is lost. During surgery, it is obvious that blood is going to be lost, so therefore, the blood fluid compartment should be maintained by giving blood. Do not temporize because the patient is a cardiac; stoft early and administer slowly. This is far better than suddenly finding oneself in the situation where a large volume is needed in a short period, as with a rapidly deteriorating circulation from hemorrhage. Altschule1 has shown that quite large amounts of fluids can be given over a period of several hours without causing any cardiac or circulatory deficiency. In the person without cardiac disease, saline or glucose solutions administered at rates of 20 cc. or less per minute results in no significant changes in cardiovascular function. At greater speeds prolonged rise in venous pressure and other changes occur. The administration of fluids at 10 cc. per minute or less to cardiac patients results in little change in cardiovascular function.
The anesthesiologist Consideration has been given to the evaluation of the cardiac patient and to some of the principles of anesthetic management as applied to the cardiac patient. There remains a third factor which is the only true variable namely, the anesthesiologist. The successful application of the above information and technics depends on his skill. Utilization of the facts derived from a clinical evaluation of the patient in consultation with a cardiologist enables him to treat the patient with a minimal disturbance of physiology and enables him to estimate what the patient can tolerate; but this utilization depends on the background and training of the anesthetist. In summary, the complete management of the cardiac patient in surgery is a joint enterprise requiring the cooperation of internist, surgeon, and anesthesiologist with the patient's welfare being paramount.
